Introduction {#s1}
============

Hyperglycemia is common in patients undergoing cardiac surgery, reported in 60--90% of patients with a known history of diabetes and in more than half of patients without diabetes ([@B1],[@B2]). Many cohort studies have identified diabetes as an independent risk factor of morbidity and mortality after cardiac surgery ([@B3]--[@B5]). Patients with diabetes have worse surgical outcomes when compared with those without diabetes, specifically higher mortality, deep sternal wound infections, renal failure, postoperative strokes, longer hospital stays, and higher health care resource utilization ([@B3]--[@B7]). Similarly, long-term survival after surgical revascularization is significantly reduced in patients with diabetes compared with those without diabetes ([@B7],[@B8]).

Several cohort studies as well as prospective clinical trials in cardiac surgery patients have reported that improvement in glycemic control can reduce short- and long-term complications and hospital mortality ([@B9]--[@B11]). However, several recent randomized trials in mixed intensive care unit (ICU) populations have shown that intensive insulin therapy (glucose target \<110 mg/dL) does not reduce complications compared with conventional control but increases the risk of hypoglycemia ([@B12]--[@B14]). The American Diabetes Association and American Association of Clinical Endocrinologists have recommended maintaining glucose levels between 140 and 180 mg/dL for most ICU patients ([@B15]). There is concern that these higher glucose targets may increase the risk of hospital complications in cardiac surgery patients in whom previous randomized trials ([@B9]--[@B11]) and meta-analyses ([@B14],[@B16]) consistently reported that intensive glycemic control reduces perioperative infections, resource utilization, and cardiac-related mortality. In order to determine if the lower end of the recommended glucose target can reduce hospital complications in patients undergoing coronary artery bypass surgery (CABG), we randomized patients with hyperglycemia to an intensive insulin therapy aimed to maintain a blood glucose (BG) level between 100 and 140 mg/dL or to a conservative therapy aimed to maintain a glucose value between 141 and 180 mg/dL in the ICU. The primary outcome of this trial was to determine differences between groups on a composite of hospital complications, including mortality, wound infection, bacteremia, respiratory failure, acute kidney injury, and major cardiovascular events (MACE).

Research Design and Methods {#s2}
===========================

This randomized open-label clinical trial included patients with and without diabetes undergoing primary, elective, and emergency CABG who experienced perioperative hyperglycemia, defined as a BG \>140 mg/dL. We recruited patients aged between 18 and 80 years undergoing primary or a combination of CABG and other cardiac operations such as valve repair or aortic surgery. We excluded patients with impaired renal function (serum creatinine ≥3.0 mg/dL or glomerular filtration rate \<30 mL/min/1.73 m^2^), hepatic failure, or history of hyperglycemic crises and those at imminent risk of death (brain death or cardiac standstill) or pregnancy, or patients or next of kin unable to provide consent. Patients consented during the ambulatory preoperative evaluation visit or on admission to the surgery service. If not performed prior to surgery, patients with hyperglycemia or a legally authorized representative consented within 24 h after surgery. A research pharmacist following a computer-generated block randomization table coordinated randomization and treatment assignment.

Patients assigned to the intensive group received continuous insulin infusion (CII) adjusted to maintain a glucose target between 100 and 140 mg/dL in the ICU. Those assigned to conservative control received CII adjusted to maintain a glucose level between 141 and 180 mg/dL in the ICU. After discontinuation of CII, subjects were transitioned to a single treatment protocol aimed to maintain a glucose target \<140 mg/dL before meals during the hospital stay and during the 90 days after discharge ([Supplementary Table 2](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc15-0303/-/DC1)).

This study was conducted at three academic medical centers, including Emory University Hospital, Emory Midtown Hospital, and Grady Memorial Hospital in Atlanta, GA. The institutional review board at Emory University approved the study protocol and consent.

Outcome Measures {#s3}
----------------

The primary outcome was to determine differences between intensive and conservative glucose control on a composite of hospital mortality and perioperative complications, including sternal wound infection (deep and superficial), bacteremia, respiratory failure, pneumonia, acute kidney injury, and MACE (acute myocardial infarction, congestive heart failure, and cardiac arrhythmias).

The secondary outcome was to compare differences between intensive and conservative glucose control on the following: *1*) glycemic control, including mean daily and fasting glucose concentration, number of hypoglycemic events (\<70 mg/dL) and severe hypoglycemia (\<40 mg/dL), and glycemic variability; and *2*) individual complications: MACE as defined per the American College of Cardiology--American Heart Association, including acute myocardial infarction, congestive heart failure, and cardiac arrhythmias ([@B17]); acute kidney injury, defined as an increment in creatinine level \>50% from baseline; respiratory failure, defined as the need for ventilator assistance for longer than 48 h; pneumonia; cerebrovascular events; surgical wound infections recorded as deep sternal wound infection, defined as chest wound infection involving the sternum or mediastinal tissues and as superficial sternal wound infection as those chest wound infections involving the skin or subcutaneous (SC) tissues; mortality was recorded during admission, either during ICU, transition to non-ICU hospital setting, or 90 days after discharge. In addition, we collected information on hospital length of stay (LOS), ICU readmissions, reoperations, and number of hospital readmissions and emergency room visits after discharge.

Insulin Treatment {#s4}
-----------------

Hyperglycemia prior to or during surgery was managed according to a standard institutional management protocol. Patients with perioperative glucose \>140 mg/dL were randomized after completion of surgery in the postsurgical holding area or in the ICU. Glucommander, a computer-guided CII device, was used to facilitate glycemic control with a single insulin delivery program. The characteristics and use of the Glucommander algorithm have been reported previously ([@B18]). In brief, this computer-guided insulin algorithm directs the administration of intravenous insulin in response to glucose measurement at the patient's bedside. During the infusion, glucose levels were entered into the system and the program recommended the insulin infusion rate and a variable time to check the next glucose testing. Intravenous insulin infusion was continued in the ICU until the patient was able to eat and/or transferred to non-ICU service. After discontinuation of CII, patients with known diabetes were transitioned to SC basal or basal/bolus insulin regimen adjusted daily to achieve and maintain a premeal glucose \<140 mg/dL ([Supplementary Data](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc15-0303/-/DC1)).

Statistical Analysis {#s5}
--------------------

The study was a two-arm, randomized, multicenter, open-label, controlled, intention-to-treat trial. We conducted nonparametric comparisons of the incidence rates of hospital mortality and perioperative complications based on the two-sided χ^2^ test (or Fisher exact test in the presence of low incidence rates), followed by the Cochran-Mantel-Haenszel test, which adjusts for the potential center effect and the influence of stratification based on diabetes status. Univariate Poisson regression (or negative binomial regression) was performed to assess for the difference in the number of perioperative complications between the two groups.

For the analysis of secondary end points, we used the same statistical strategy planned for the primary end point to analyze secondary end points that yield binary or count outcomes. For secondary end points that produce continuous outcomes, we used two-sample Student *t* tests or nonparametric Wilcoxon rank sum tests to compare differences between the intensive glucose control group and the conservative glucose control group.

### Sample Size Calculation and Power Analysis {#s6}

We calculated the sample size based on previous studies by van den Berghe et al. ([@B9]) and Umpierrez et al. ([@B19]). We estimated an incidence rate of the primary end point in the control group of ∼20% and odds ratio for the intensive versus conservative glucose control group of ∼0.35. We expected a low attrition rate of \<10% in the ICU; using two-sided Fisher exact test, with α = 0.05, we estimated that the sample size required for 80% power to be 148 patients per group (a total of 296 patients) for the primary end point. For all analyses, reported *P* values are two-sided, and *P* values \<0.05 were considered significant. All analyses were performed using SAS software version 9.2 (SAS Institute, Cary, NC).

Results {#s7}
=======

A total of 855 patients were screened to participate and 338 patients consented. Of them, 33 subjects were excluded because they did not develop hyperglycemia after surgery or withdrew consent for participation ([Supplementary Data](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc15-0303/-/DC1)). A total of 305 patients were randomized; of them, 1 patient in the intensive group and 2 patients in the conservative group withdrew after randomization but prior to receiving insulin treatment. A total of 151 patients in the intensive group and 151 in the conservative group were included in the final analysis. The clinical characteristics of study patients are shown in [Table 1](#T1){ref-type="table"}. The groups were well balanced with no significant differences in the mean age, racial distribution, BMI, smoking history, history and duration of diabetes, type of treatment prior to admission, or hospital LOS between treatment groups. Most patients underwent primary and isolated CABG surgery; only 19 patients (6.3%) had a previous CABG and 45 patients (14.9%) had combined CABG and valve surgery. The mean number of grafts was 3 ± 1 and the duration of surgery was 5.3 ± 1.5 h.

###### 

Clinical characteristics of study patients

  Variable                           Conservative   Intensive     *P* value
  ---------------------------------- -------------- ------------- -----------
  Number of patients                 151            151           
  Sex                                                             0.44
   Male, *n* (%)                     112 (74)       106 (70)      
   Female, *n* (%)                   39 (26)        45 (30)       
  Age (years)                        64 ± 10        64 ± 9        0.84
  Race                                                            \>0.99
   Caucasian, *n* (%)                111 (74)       110 (73)      
   African American, *n* (%)         34 (23)        35 (23)       
   Other, *n* (%)                    6 (4)          6 (4)         
  Body weight (kg)                   90.6 ± 21.5    93.0 ± 21.4   0.47
  BMI (kg/m^2^)                      30.3 ± 7.2     31.2 ± 7.2    0.40
  Past medical history                                            
   Previous smoking, *n* (%)         63 (51)        57 (42)       0.13
   Current smoking, *n* (%)          46 (33)        33 (23)       0.07
   Dyslipidemia, *n* (%)             123 (81)       128 (86)      0.30
   Hypertension, *n* (%)             135 (91)       142 (94)      0.38
  APACHE score                       22.4 ± 3.3     21.7 ± 3.6    0.12
  ASA classification                                              \>0.99
   Grade 3, *n* (%)                  10 (7)         10 (7)        
   Grade 4, *n* (%)                  141 (93)       141 (93)      
  Surgery                                                         0.91
   Elective, *n* (%)                 24 (16)        25 (17)       
   Urgent, *n* (%)                   126 (83)       124 (82)      
   Emergency, *n* (%)                1 (1)          2 (1)         
  Type of surgery                                                 
   Primary isolated CABG, *n* (%)    114 (75)       123 (81)      0.22
   CABG + valve repair, *n* (%)      27 (18)        18 (12)       0.15
   Redo CABG, *n* (%)                10 (7)         9 (6)         \>0.99
  History of diabetes, *n* (%)       75 (50)        77 (51)       0.82
  Duration of diabetes (years)       10.8 ± 10.1    10.9 ± 8.8    0.72
  Admission diabetes therapy                                      0.97
   No antidiabetic agents, *n* (%)   5 (7)          7 (9)         
   Oral agents, *n* (%)              34 (48)        34 (45)       
   Insulin alone, *n* (%)            14 (20)        15 (20)       
   Insulin + oral agents, *n* (%)    18 (25)        20 (26)       
  ICU LOS (days)                     4.8 ± 10.0     3.6 ± 5.0     0.09
  Hospital LOS (days)                11.4 ± 11.0    9.5 ± 5.8     0.13

Data are mean ± SD or *n* (%). APACHE, Acute Physiology and Chronic Health Evaluation; ASA, American Society of Anesthesiologists.

Blood glucose concentration during the hospital stay is shown in [Fig. 1*A*](#F1){ref-type="fig"}. There were no differences between intensive and conservative groups in the mean glucose on admission, randomization, or during surgery ([Table 2](#T2){ref-type="table"}). A total of 93% of patients with diabetes and 83% of patients without diabetes developed a glucose \>140 mg/dL; of them, 94% of patients with diabetes and 88% of patients without diabetes received CII (*P* = 0.08). The mean BG during the ICU stay was 132 ± 14 mg/dL (interquartile range \[IQR\] 124--139) in the intensive and 154 ± 17 mg/dL (IQR 142--164) in the conservative group (*P* \< 0.001). The mean BG concentration during intravenous CII was 133 ± 14 mg/dL (IQR 124--139) in patients randomized to the intensive and 154 ± 16 mg/dL (IQR 145--164) in the conservative group (*P* \< 0.001). The duration of CII was 26.3 ± 22 h in the intensive and 22.0 ± 24 h in the conservative group (*P* = 0.001). The total daily dose of insulin during CII was higher in the intensive (36.2 ± 42 units/day) compared with the conservative group (29.3 ± 46 units/day) (*P* = 0.008). After discontinuation of CII, 98% of patients with diabetes and 49% of patients without diabetes were transitioned to SC insulin regimen. There were no differences between intensive and conservative groups in mean daily glucose posttransition during the hospital stay ([Table 2](#T2){ref-type="table"}).

![Mean glucose concentration and frequency of hypoglycemia in patients treated to intensive and conservative glucose targets. Cardiac surgery patients with hyperglycemia were randomized to an intensive glucose target (100--140 mg/dL) or to a conservative target (141--180 mg/dL). *A*: Mean glucose concentration on admission, during surgery (OR), randomization, ICU stay and CII, non-ICU hospital stay, and after hospital discharge. *B*: Frequency of hypoglycemia in the ICU and during CII, non-ICU hospital stay, and after hospital discharge. Open bars, intensive control; filled bars, conservative control. \**P* \< 0.001; ≠*P* \< 0.05.](dc150303f1){#F1}

###### 

Glycemic control, hypoglycemia, and insulin therapy in patients randomized to intensive and conservative glucose targets

                                                                       Conservative   Intensive      *P* value
  -------------------------------------------------------------------- -------------- -------------- -----------
  Glycemic control in the ICU                                                                        
   Admission HbA~1c~ (%)                                               6.7 ± 1.8      6.9 ± 1.9      0.61
   Randomization BG (mg/dL)                                            169.0 ± 29.9   162.9 ± 24.0   0.09
   BG during CII (mg/dL)                                               154.4 ± 15.9   132.5 ± 14.1   \<0.001
   BG during ICU stay (mg/dL)                                          151.9 ± 16.5   132.1 ± 14.1   \<0.001
    ICU day 1 (mg/dL)                                                  154.2 ± 19.9   134.9 ± 17.1   \<0.001
    ICU day 2 (mg/dL)                                                  149.6 ± 20.4   126.6 ± 16.9   \<0.001
   Number of BG readings during CII                                    28.2 ± 28.6    25.9 ± 30.9    0.71
   BG readings \>200 mg/dL during CII (%)                              7.4 ± 9.9      3.4 ± 7.9      \<0.001
   BG readings \>300 mg/dL during CII (%)                              0.2 ± 1.5      0.1 ± 0.8      0.25
  Glycemic control after ICU                                                                         
   Hospital BG non-ICU (mg/dL)                                         141.3 ± 29.1   143.4 ± 27.6   0.44
   Outpatient BG at 12 weeks postdischarge                             139.4 ± 33.7   138.4 ± 26.8   0.69
  Hypoglycemia during ICU care                                                                       
   Patients \<70 mg/dL during CII, *n* (%)                             5 (3)          12 (8)         0.13
   Patients \<70 mg/dL during ICU, *n* (%)                             3 (2)          13 (9)         0.09
   BG readings during CII \<70 mg/dL (%)                               0.1 ± 0.7      0.4 ± 2.3      0.11
   BG readings during ICU \<70 mg/dL (%)                               0.1 ± 0.6      0.4 ± 2.3      0.016
  Hypoglycemia after ICU care                                                                        
   Patients with hospital BG \<70 mg/dL after ICU, *n* (%)             30 (20)        30 (20)        \>0.99
   Patients with BG \<70 mg/dL after hospital discharge, *n* (%)       20 (14)        26 (18)        0.28
  Insulin therapy                                                                                    
   Patients treated with CII, *n* (%)                                  133 (88)       146 (97)       0.008
   Duration of CII (h)                                                 22.0 ± 24.3    26.3 ± 22.2    0.001
   Total insulin therapy in the ICU (units/day)                        29.3 ± 46.2    36.2 ± 42.2    0.008
  Diabetes management after ICU stay                                                                 
   Patients transitioned to SC basal or basal bolus insulin, *n* (%)   104 (69)       118 (78)       0.07
   Hospital total SC insulin dose (units/day)                          35.9 ± 34.0    42.6 ± 34.8    0.11
   Patient treated with SC insulin after hospital discharge, *n* (%)   47 (31)        50 (33)        0.80

Data are mean ± SD or *n* (%).

Hypoglycemia (\<70 mg/dL) occurred during CII in 12 patients (8%) in the intensive group and 5 patients (3%) in the conservative group during CII (*P* = 0.13); during the entire ICU stay (off/on CII), a total of 13 patients (9%) in the intensive group and 5 patients (3%) in the conservative group had a glucose \<70 mg/dL (*P* = 0.09) ([Table 2](#T2){ref-type="table"}). After transferring out of the ICU, a similar frequency of hypoglycemic events was recorded in the intensive and conservative groups during the hospital stay and after hospital discharge ([Fig. 2](#F2){ref-type="fig"}). There were no episodes of severe hypoglycemia in either group in the ICU and only 2% of patients had glucose \<40 mg/dL after transitioning out of the ICU. None of the hypoglycemic events was associated with clinically significant adverse outcomes.

![Composite of perioperative complications in patients treated to intensive and conservative glucose targets. Cardiac surgery patients with hyperglycemia were randomized to intensive (100--140 mg/dL) or conservative (141--180 mg/dL) glucose targets. The primary outcome was differences in a composite of hospital complications, including mortality, wound infection, pneumonia, bacteremia, respiratory failure, acute kidney injury, and MACE. *A*: Composite of perioperative complications in all patients treated with intensive and conservative glucose targets. *B*: Composite of perioperative complications in patients with diabetes treated with intensive and conservative glucose targets. *C*: Composite of perioperative complications in patients without diabetes treated with intensive and conservative glucose targets. Open bars, intensive glucose target; filled bars, conservative glucose target. AKI, acute kidney injury.](dc150303f2){#F2}

[Figure 2*A*](#F2){ref-type="fig"} depicts the frequency of the composite and individual complications during the perioperative period. We observed a lower but not significant difference in the number of patients experiencing one or more complications in the intensive compared with the conservative group (42 vs. 52%, *P* = 0.08). There were no differences between groups in the frequency of individual complications, including wound infection, pneumonia, bacteremia, respiratory failure, acute kidney injury, MACE, and death. In addition, we found no differences in the number of ICU readmissions, hospital LOS, or readmissions after hospital discharge ([Fig. 2*A*](#F2){ref-type="fig"} and [Table 2](#T2){ref-type="table"}). [Figure 2*B* and *C*](#F2){ref-type="fig"} depicts the frequency of composite and individual complications during the perioperative period in patients with and without diabetes treated to intensive and conservative glucose targets.

There were no differences in the overall number of hospital complications between patients with and without a history of diabetes (49 vs. 45%, respectively, *P* = 0.48). We found, however, significant differences in the effect of intensive compared with conservative insulin therapy on the rate of perioperative complications between patients with and without diabetes. In patients with a history of diabetes, there were no differences in the composite or individual complications in patients treated in the intensive or conservative group (49 vs. 48%, *P* = 0.87) ([Fig. 2*B*](#F2){ref-type="fig"}). In contrast, we found that patients without a history of diabetes who were treated in the intensive group experienced a lower number of perioperative complications compared with patients in the conservative group (34 vs. 55%, *P* = 0.008) ([Fig. 2*C*](#F2){ref-type="fig"}).

Patients with a history of diabetes were heavier, had higher admission hemoglobin A~1c~ (HbA~1c~), and had a higher perioperative glucose concentration compared with patients without diabetes (all *P* \< 0.05) ([Supplementary Data](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc15-0303/-/DC1)). There were no differences in the number of surgical grafts, duration of surgery, or in the need for vasopressors after surgery between patients with and without a history of diabetes. However, patients with diabetes had a higher mortality (5 vs. 0.5%, *P* = 0.02) and more acute kidney injury (20 vs. 12%, *P* = 0.048) than subjects without diabetes ([Supplementary Fig. 2](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc15-0303/-/DC1)).

Conclusions {#s8}
===========

This randomized controlled trial investigated the risk and benefits of intensive versus conservative insulin therapy in cardiac surgery (CABG) patients. Our study indicates that intensive therapy with a target glucose between 100 and 140 mg/dL in the ICU resulted in a lower, but not significant, reduction in the composite of perioperative complications including mortality, sternal wound infection, bacteremia, respiratory failure, acute kidney injury, and MACE compared with a conservative glucose target between 141 and 180 mg/dL. Although the study was not powered to determine differences in the rate of complications in patients with and without diabetes, we found significant differences in the frequency of complications in patients treated with intensive and conservative insulin therapy in patients without diabetes. Whereas there were no differences between treatment groups in the rate of complications in patients with known diabetes, we observed a significant reduction in complications among patients without diabetes treated in the intensive group compared with those in the conservative group.

During the past decade, there has been ongoing debate about the target goals for optimal glucose control in hospitalized patients with critical illness. Medical organizations involved in the care of patients with diabetes have recommended targeting glucose levels between 140 and 180 mg/dL for the majority of ICU patients, but lower targets between 110 and 140 mg/dL could be appropriate in a select group of ICU patients (i.e., centers with extensive experience and cardiac surgical patients) ([@B15]). These recommendations were based on the results of clinical trials in mixed ICU populations with a limited number of cardiac surgery patients that reported high rates of hypoglycemia and lack of improved outcome with intensive insulin therapy ([@B12]--[@B14],[@B20]). The results of our study indicate a positive trend but not a significant reduction in the rate of perioperative complications in cardiac surgery patients. Similarly, we observed no differences between intensive and conservative treatment in hospital and ICU LOS, hypoglycemia, need for reoperation, or hospital readmission after discharge.

Several studies have reported that the development of hyperglycemia in patients without a history of diabetes is associated with higher mortality and hospital complications and length of hospital stay compared with patients with diabetes ([@B21]--[@B25]). A subgroup analysis by van den Berghe et al. ([@B26]) of surgical and medical ICU patients reported that whereas glucose lowering effectively reduced mortality in those without a previous history of diabetes, no significant benefit from treatment was observed in patients with diabetes. However, the NICE-SUGAR (Normoglycemia in Intensive Care Evaluation-Survival Using Glucose Algorithm Regulation) trial reported no differences in complications or mortality between patients with and without diabetes randomized to intensive and conservative insulin therapy ([@B12]). Similarly, a recent study by Lazar et al. ([@B27]) reported no differences in the composite of complications between intensive and conservative insulin therapy in patients with a history of diabetes. In agreement with van den Berghe et al. ([@B26]), we observed a significant reduction in the rate of hospital complications in patients without a history of diabetes treated with intensive glucose control, but not in patients with a previous diagnosis of diabetes. These results indicate that individualization of therapy and glucose targets is needed for the management of patients with hyperglycemia in the perioperative period. In selecting a glucose target, healthcare professionals should consider the level of experience with insulin infusion of the institution, staff support, and risk of hypoglycemia. In addition, our data suggest that a lower glucose target may be appropriate for the patients without diabetes undergoing CABG whereas a higher target may be more appropriate for the patients with preexisting diabetes.

Major strengths of this study include the use of a single glucose control algorithm and the fact that we achieved significant differences in glucose control between groups, which were both within target range. In addition, the rate of hypoglycemia in our study was significantly lower than that observed in previous randomized clinical trials in the ICU. The incidence of severe hypoglycemia, defined as a glucose \<40 mg/dL, among the different trials in the ICU has ranged between 5 and 28.6% depending on the intensity of glycemic control ([@B9],[@B12],[@B16],[@B20],[@B28],[@B29]). In our trial, using the Glucommander device, only 12 patients (8%) during CII in the intensive group and 5 patients (3%) in the conservative group experienced mild hypoglycemia (\<70 mg/dL) and no patients experienced a glucose value \<40 mg/dL. Minimizing the rate of hypoglycemia events is of major importance in ICU patients because it has been shown that hypoglycemia may be an independent risk factor of poor clinical outcome and mortality ([@B30]--[@B32]). In critically ill patients, several studies have shown a strong association between the development of hypoglycemia and an increased risk of cardiovascular events and overall risk of hospital mortality ([@B12],[@B33]--[@B35]).

We acknowledge several limitations in this trial, including the relatively small sample size. The sample size was calculated based on the results of previous surgical studies ([@B9],[@B19],[@B36]) that reported larger reductions in complications between intensive and conservative glucose targets. In this study, we observed a higher rate of complications and a smaller reduction (∼20%) in the composite of complications between intensive and conservative treatment groups. Based on the study results, ∼800 patients would have been needed to reach power to determine differences in the primary outcome. In addition, the study was conducted at three medical centers with extensive experience in inpatient management of hyperglycemia and we used a computerized insulin infusion device to manage patients in the ICU; thus the findings cannot be generalized to all institutions with less clinical experience or nursing support. In addition, we excluded patients admitted with clinically relevant hepatic and kidney disease or patients with known diabetes receiving corticosteroids or CII prior to surgery. Another limitation is that the study was not powered to demonstrate differences in mortality between treatment groups or difference in complications between patients with and without a history of diabetes.

In summary, intensive control targeting a glucose level between 100 and 140 mg/dL in the ICU did not significantly reduce perioperative complications, mortality, or hospital LOS compared with a less strict glucose target of 141--180 mg/dL in patients undergoing CABG surgery. However, we observed heterogeneity in treatment effect according to diabetes status, with no differences in complications among patients with diabetes, but lower rates of complications in subjects without diabetes treated with intensive compared with conservative regimen.
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